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件）和 O2 气氛中少量水蒸气的存在等因素对激光诱导分子氧与 La2O3 的晶格氧






现象的原因可能与 La(OH)3 在加热分解过程中形成的立方晶型 La2O3 有关。与高
温下稳定的六方 La2O3 相比，介稳态的立方 La2O3 可能更有利于在激光诱导下与
分子氧反应生成过氧。在激光照射条件下，含有过氧的 La2O3 表面还可检测到中
性分子氧，在不高于 300 °C 的情况下，该分子氧物种可以稳定吸附于样品表面。
激光功率，气相氧分压，样品温度及其预处理条件（焙烧温度，原位处理条件）
等对过氧和吸附态中性分子氧物种 Raman 谱带强度的影响规律十分相似。将含

























当样品的温度低于相应催化剂上 POM 反应的起燃温度时，原料气中的 O2 可将
催化剂上的贵金属物种氧化为相应的体相氧化物（RuO2, Rh2O3, IrO2），此时甲烷
主要发生燃烧反应生成 CO2 和 H2O。随着样品温度的上升，贵金属氧化物被还




物种浓度（或氧化程度）高于 Rh/SiO2 和 Ir/SiO2。但在 POM 反应起燃后催化剂
上均未检出 Rh2O3，IrO2 和 RuO2 等体相氧化物的 Raman 谱峰，对反应条件下
Ir/SiO2 催化剂的原位 Raman 光谱表征表明，由分子氧在金属表面吸附活化所形
成的表面氧化物（其谱峰不同于相应的体相氧化物）可能是 POM 反应的活性物
种。与 SiO2 负载的 Ru、Rh 催化剂相比，Al2O3 负载的相应催化剂上 POM 反应


























The first part of the thesis focuses on the studies of the influence factors that can 
effect the laser induced reaction of molecular oxygen with the crystal lattice oxygen 
of La2O3 to produce peroxide linkage and the formation mechanism of the neutral 
molecular oxygen related with peroxide linkage. We investigated the effect of some 
factors, such as the sample temperature, pretreatment conditions (the hydrolisis degree 
of La2O3, calcined temperature of hydrolysate, calcined time and in situ process 
condition) and the existence of a little vapor in O2, on the intensity of peroxide 
linkage using in situ micro Raman spectrum. It was found that near 400 ºC is best for 
laser inducing peroxide linkage formation. After the temperature is higher than 450 ºC, 
the intensity of peroxide linkage Raman band became weakened rapidly, for the 
peroxide linkage decomposed. The hydrolytic degree of La2O3 and the pretreatment 
conditions of hydrolysate would affect the formation of peroxide linkage that laser 
induced obviously; It was better for producing peroxide linkage on La2O3 originated 
from La(OH)3 heat treatment under suitable condition, and 700 ºC was the best 
pretreatment temperature. A little vapor in O2 could assist the formation of peroxide 
linkage at high temperature (680 ºC). The reason for the above results may be relating 
with the cubic La2O3 that formed during the pyrolysis of La(OH)3. Compared with 
hexagonal La2O3 which is stable at high temperature, the metastable state cubic La2O3 
may be better for the formation of peroxide linkage induced with a laser. Neutral 
molecular oxygen could be detected on La2O3 containing peroxide linkage, and this 
molecular oxygen species would be adsorbed on the surface of the sample below 300 
ºC. The effects of the factors, such as laser power, oxygen partial pressure, sample 
temperature, calcined temperature and other pretreated conditions, on the Raman band 
intensity of peroxide linkage and the adsorbed molecular oxygen are extremely 
similar. When O2 containing vapor was introduced to La2O3 that contain peroxide 
linkage, the intensity of the molecular oxygen Raman band will increase rapidly. This 
fact proved that the adsorbed molecular oxygen is originated from the decomposition 















The second part of the paper focuses on the studies of the mechanism of methane 
partial oxidation (POM) to syngas and the effect of interaction between metal and 
support over supported noble metal catalysts. The chemical state of the metal at the 
front part of catalyst bed and the active species on the surface (for example, carbon 
species) were characterized in detail using in situ Raman spectroscopy technique in 
the reaction mixture when the catalysts were heated up from lower temperature, in 
order to elucidate the relationship of the bulk structure, redox property, M-O bond 
strength, concentration of surface oxygen species of the catalysts and the performance 
under the reaction conditions. It was found that O2 in feed gas could oxidize the metal 
on Ru/SiO2, Rh/SiO2, Ir/SiO2, Ru/Al2O3 and Rh/Al2O3 catalysts pre-reduced with 
H2/Ar to bulk oxide (RuO2, Rh2O3, IrO2) before the POM reaction ignited with the 
result of total oxidation of methane to CO2 and H2O. When the POM reaction ignited 
at suitable temperature, the oxides were reduced. The 4wt%Rh/SiO2 and 8wt%Ir/SiO2 
catalysts could be reduced under lower temperature and carbon deposition originated 
from methane decomposition was detected at the front part of the catalyst bed. 
Comparatively, the 4wt%Ru/SiO2 catalyst would be reduced only at higher 
temperature and there was no carbon species were detected at the catalyst bed 
entrance. The results indicated that there was more oxygen species on Ru/SiO2 than 
Rh/SiO2 and but there was no Raman bands of RuO2, Rh2O3, IrO2 detected after the 
POM reaction ignited. The results obtained from the in situ Raman spectroscopy 
characterization of Ir/SiO2 imply that film oxide (Raman bands of which were 
different from that of bulk oxide) originated from molecular oxygen adsorbed on the 
surface of catalyst may be active species of POM reaction. Compared with Ru, Rh 
catalysts loaded on SiO2, the Al2O3 load ones would be reduced at higher temperature. 
On the Rh/Al2O3 catalyst with different Rh loadings, higher temperature is required to 
ignite the POM reaction over the catalyst with lower Rh loading. The interaction 
between metal and support is stronger on the Al2O3 loading catalysts, especially when 
metal loading is lower. 
Key words: La2O3, laser induction, oxygen species, methane partial oxidation to 
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